Aims: Health-Related Quality of Life (HRQoL) has been increasing attention in health outcome studies. Factors that individually influence HRQoL, diabetes self-care behaviors, and medication adherence have been widely investigated; however, most previous studies have not tested an integrated association between multiple health outcomes. The purpose of this study was to formulate a hypothetical structural equation model linking HRQoL, diabetes distress, diabetes self-care activities, medication adherence and diabetes-dependent QoL in patients with Type 2 Diabetes Mellitus (T2DM). Methods: A cross-sectional study design was employed, and 497 patients with T2DM were recruited from outpatient clinics in three public hospitals and one government clinic. The patients completed a series of questionnaires. The hypothetical model was tested using Structural Equation Modeling (SEM) analysis. Results: The values of the multiple fit indices indicated that the proposed model provided a good fit to the data. SEM results showed that medication adherence (MMAS) had a significant direct effect on diabetes distress (PAID) (Beta = À0.20). The self-care activities (SDSCA) construct was significantly related to PAID (Beta = À0.24). SDSCA was found to have a significant relationship with HRQoL (SF-36) (Beta = 0.11). Additionally, diabetes distress had a significant effect (Beta = À0.11) on HRQoL of patients. Finally, ADDQoL had a significant effect on HRQoL (Beta = 0.12). Conclusions: The various health outcome indicators such as self-care behaviors, diabetes distress, medication adherence and diabetes-dependent QoL need to be considered in clinical practice for enhancing HRQoL in those patients.
Introduction
Diabetes Mellitus (DM) is one of the most important public health concerns. The prevalence of DM has increased dramatically in most countries in the world. Recently, it is estimated that the number of DM patients will increase from 171 million to 366 million between the years 2000 and 2030 [46] . As Malaysia continues its progress as a nation both socially and economically, disease patterns and burdens are changing due to changes in lifestyle and dietary patterns of its population. According to the National Health and Morbidity Survey, the prevalence of DM among Malaysian adults aged older than 30 years had increased from 6.3% in 1986, 8.3% in 1996 and 14.9% in 2006 to finally hitting 15.2% in 2011 [17] . By the year 2030, Malaysia is expected to rank tenth with the highest rate of diabetes worldwide. This increase in the number of people with Type 2 Diabetes Mellitus (T2DM) will be synonymous to huge human burden. T2DM has thus been found to have unfavorable effects on the Heath-Related Quality of Life (HRQoL) of patients [2, 28] .
To assess HRQoL and diabetes-specific factors, many instruments have been developed over time to obtain the perceived behavior of patients. Some are intended for general use, irrespective of the illness and condition of the patient. The generic instruments are often applicable to even healthy people. Some of the earliest ones were developed initially with population surveys in mind, but later were extended to include clinical trial settings. These instruments are commonly described as QoL scales and they are measures of health status since the focus is mainly physical symptoms. Some generic HRQoL measures, such as the SF-36, contain the essential elements of HRQoL and they are also easily cross-culturally validated [8] . The generic scale instruments allow for HRQoL comparisons among different group of patients. On the other hand, the disease-specific instrument attempts to capture only the specific impact of a disease on the patient's functioning and well-being [8, 14] . The disease-specific instrument renders it more difficult to assess HRQoL for patients having multiple diseases while the HRQoL instrument is based on the specific health condition of a patient. Therefore, a combination of generic and disease-specific instruments may be more appropriate in measuring the patient's health status [4] . However Herdman et al. [15] proposed for the validation of the diabetes-specific QoL instruments in Asian countries. This is due to the increase in implementation of patient reported outcomes in large clinical trials. Thus, Asia must de facto be included since it is one of the most densely populated continents in the world [43] . Among all the diabetesspecific QoL measures, the Audit of Diabetes Dependent QoL instrument is one of the most widely translated and validated in more than 20 languages as well as the Problem Areas in Diabetes Scale (PAID) [11, 13, 31, 35] .
The major objective in the treatment of T2DM is to lower the blood glucose levels in the normal and/or near normal range [29] . A set of indicators for diabetes care has been recommended, such as measuring the control of blood sugar [23] . HRQoL has been posited to be another important health outcome measure. T2DM is a lifelong health condition which can affect the patients' condition significantly. The Quality of Life (QoL) of T2DM patients has been shown to be affected with disease progression and response to medication therapy [2] . Health behaviours are commonly suggested as proximal health outcomes of HRQoL. Self-care in diabetes has been defined as an evolutionary process of development of knowledge or awareness by learning to survive with the complex nature of T2DM in a social context [30] . Since the vast majority of day-to-day care in diabetes is handled by patients and/or families [2] , there is an important need for reliable and valid measures for self-management of T2DM [18] . Individuals with diabetes need to perform specific multifaceted activities in their daily lives, such as having an appropriate diet, regular exercising, monitoring their blood glucose levels, foot care and medication self-administration [28] . Patients with low adherence to self-care activities such as exercise and medication were found to have lower HRQoL [28] . On the other hand, diabetes self-care activities are reported to be positively related to HRQoL for adhering patients [16, 25] .
Psychological factors such as diabetes-related emotional distress were found to be associated with lesser adherence to diet, exercise, frequent blood glucose testing and medication regimens [9, 26, 27, 33] . Previous studies have also found that health-related quality of life were inversely related to diabetes self-care activities and they reported that the EuroQoL-5 dimensions (EQ-5D) index was significantly associated with non-adherence to foot care, exercise duration and smoking [28] . The diabetes-dependent quality of life is also an important indicator of HRQoL. Wee et al. [43] reported that respondents who scored a better EQ-5D index have better Audit of Diabetes Dependent QoL (ADDQoL) Average Weighted Index scores (Spearman correlation = 0.54, pvalue < 0.01). Diabetes distress was also found to be significantly related to medication adherence. Patients who are non-adherent to their daily medication intake had a higher level of diabetesspecific emotional distress [26] .
The aim of this study is to test a structural model that links diabetes distress, medication adherence, self-care activities, diabetes-specific QoL and HRQoL using a sample of T2DM patients in Malaysia. This is the first study in Malaysia that extensively investigates the relationships among a number of physiological, psychological, behavioral predictors and adaptive outcomes using psychometrically validated instruments via Structural Equation Modeling (SEM). Literature on diabetes studies has demonstrated that various factors can individually influence HRQoL, diabetes self-care activities, medication adherence, and diabetesdependent QoL and diabetes distress. However, most of the previous studies are yet to test a model regarding the multiple associations among these variables. The remainder of this paper is organised as follows: The methodology is explained in Section 2. The SEM results are then presented in Section 3 while Section 4 discusses the findings.
Material and methods

Study design and sample
This study involves a cross-sectional design. The patients were recruited from three hospitals namely Hospital Tuanku Ampuan Rahimah, Hospital Sungai Buloh and Hospital Serdang and a government public health clinic; Klinik Kesihatan Botanic. The three hospitals and the clinic were located in the state of Selangor, Malaysia. The inclusion criteria for the patients who participated was: 1. They were aged above 18 years 2. They were diagnosed with T2DM for at least one year 3. They were taking T2DM diabetes medications and 4. They were able to speak, read and write either in English or Malay language. On the other hand the exclusion criteria was: 1. Participants with gestational diabetes or mental disorders and 2. Those who were not able to read in Malay/English language. Sample size was calculated based on the need to conduct the Structural Equation Modeling (SEM) analysis which means that minimum of 200 subjects was necessary for adequate model specification [7] . The Medical Research Ethics Committee in Kuala Lumpur, Malaysia, through the National Medical Research Register (NMRR) granted the permission for this research.
Instrumentation
For this study, the self-reported questionnaire consisted of socio-demographic questions such as age and duration of diabetes. Participants were also asked to complete five questionnaires: (1) Problem Areas in Diabetes Scale (PAID); (2) Audit of DiabetesDependent Quality of Life-19 item (ADDQoL-19); (3) Morisky Medication Adherence Scale (MMAS); (4) Summary of Diabetes SelfCare Activities (SDSCA), and (5) Short-Form 36 (SF-36).
The five instruments used in this paper are either generic or diabetes-specific and were chosen on the basis of the number of items, time taken to complete the questionnaire and their purpose. The ADDQoL and PAID instruments were firstly chosen since they were the most popular and have high internal consistency reliabilities in comparison to the other diabetes-specific instruments [32, 44] . Moreover, to study diabetes-related QoL, the ADDQoL was the most suitable since it allows the subject to judge the relevance or importance of each item and to eliminate non-relevant or non-important items from consideration before calculating the final weighted score [6] . This study also aimed at looking into the psychological aspect of diabetes and thus PAID instrument was chosen since it is the most commonly used to measure diabetes-specific emotional distress [26] . Since self-care behaviours are a very important aspect of diabetes, the SDSCA was chosen. The SDSCA takes into consideration various important domains such as diet, exercise, blood sugar testing and foot examination (Toobert, Hampson, & Glasgow, 2000) . Lastly to look into the medication aspect, the Morisky Medication Adherence Scale was picked since it is the most concise and easiest to administer among patients [20] in contrast to other diabetes-specific medication instruments. The five chosen instruments are discussed as follows:
Problem Areas in Diabetes Scale (PAID)
The PAID instrument comprises of 20 statements identified as the common diabetes emotional distress reported in both T1DM and T2DM patients [26] . The PAID consists of 20 items that the patient rates on a 5-point Likert scale (0: Not a problem, 1: Minor problem, 2: Moderated problem, 3: Somewhat serious problem and 4: Serious problem). The total score ranges from 0 to 100 with higher scores indicating greater emotional distress. The total score is achieved by adding the 0-4 responses given for the 20 items and by multiplying this sum by 1.25 [45] . This instrument has been reported to have adequate validity and reliability [26, 33, 44, 45] . The Cronbach's Alpha values ranged between 0.93 and 0.95 [42, 44] hence supporting high internal consistency and reliability.
Audit of Diabetes-Dependent QoL (ADDQoL)
The ADDQoL comprises of 19 items and it is the third version after the 13-item and the 18-item ADDQoL measures [6] . The ADDQoL assesses the impact of diabetes on 19 life domains specifically. The first two items assesses the present Quality of Life (QoL) and diabetes-related QoL. The remaining items ask the respondents to rate how particular aspects of their life would be affected if they did not have diabetes and this particular rating is a fivepoint Likert scale ranging from À3 to 1 (impact). Thereafter, the second part of the question requires the patients to answer the importance of these domains of their life using a four-point Likert scale from 0 to 3 (importance). For five of the items, if the participants selected the 'Not Applicable', it will be counted as a missing data and is generally not included in the calculation of the average impact score. The two ratings (impact and importance) are then multiplied and summed to calculate the Average Weighted Score (AWI) whereby more negative scores indicate a negative impact on QoL [36, 43] . Good reliability and internal consistency were reported in the 18-item version [5] and with the latest 19-item version [9] .
Morisky Medication Adherence Scale (MMAS)
Morisky et al. [20] originally developed a four-item medication adherence scale. The four-item scale exhibits poor psychometric properties but it is still widely used in self-reporting medication adherence. Recently, Morisky et al. [19] developed an eight-item scale known as the Morisky Medication Adherence Scale (MMAS). The questions were formulated in such a way so that the respondents avoid a ''yes-saying" bias. The response choices consist of yes/no for questions 1 to 7 and a 5-point Likert scale for the last item (Item 8). The scoring is such that each ''no" response is rated as ''1" and the ''yes" response as ''0" except for question 5 (Did you take your diabetic medicine yesterday?) which is the reverse, i.e. ''yes" is rated as 1 and ''no" as 0. For item 8 (How many times do you have difficulty remembering to take all your medications?), if the patient responds ''0 (Never/Rarely)", the score is ''1" and if response ''4 (All the time)" is chosen, the score is ''0". Responses to the item 1 is rated as 0.25, item 2 as 0.75 and finally item 3 as 0.75 respectively based on the scoring method from the original developer. The total score for the MMAS-8 ranges from 0 to 8. The scores are then categorized as low (less than 6), medium (6 to less than 8) and high (8) medication adherence subsequently.
Summary of Diabetes Self-Care Activities (SDSCA)
The SDSCA measures the diabetes self-care behavior. The SDSCA is a popular and well-known instrument which has been applied widely in the diabetes management studies. The SDSCA is a valid and reliable instrument having moderate inter-item reliability (r = 0.59 -0.74) [38] . Furthermore, the SDSCA is a self-report measure consisting of 12 items: 10 items to measure four components of diabetes self-management namely diet, exercise, blood sugar testing, foot care and two questions on tobacco use. The respondents are asked to rate how many days during the past 7 days they performed a specific self-care behavior. The scale ranges from 0 to 7, and the higher scores correspond to higher diabetes management activities [45] . The two items on smoking were 'Have you smoked a cigarette-even one puff-during the past seven days? 0. No, 1. Yes (Number of cigarettes).' A mean score is calculated for each of the five domains (diet, exercise, blood glucose testing, foot care, and smoking) whereby higher scores indicate better diabetes self-management. Adequate internal and test-retest reliability, validity and sensitivity to change were demonstrated by the normative data from seven studies [37] . For the purpose of this study, only 10 questions from the SDSCA were used excluding the question on smoking.
Short Form 36 (SF-36)
The SF-36 Health Survey version 2.0 comprises 36 questions which measure self-reported outcomes on eight HRQoL domains. The domains are as follows: physical functioning (PF), social functioning (SF), role limitation due to physical problems (PF), role limitation due to emotional problems (RE), mental health (MH), energy and vitality (VT), bodily pain (BP), and the general health perception (GH). The SF-36 also includes an item to assess the change in respondent's health status during the past year [12] . The SF-36 scores range from 0 to 100, 0 indicating the poorest health related quality of life and 100 being the highest. For each quality of life domain tested, the item scores were coded, summed and transformed into a scale from 0 (worst) to 100 (best) using the available algorithm described by the SF-36 developers [40] . The Physical Component Score (PCS) and the Mental Component Score (MCS) were both calculated by using standard weights in order to interpret the summary scales comprehensively. The SF-36 version 2 was scored based on the scoring algorithm developed by [41] . The Quality Metric organization provided the scoring algorithm software under the SF-36 license.
Statistical analysis
Data were analyzed using IBM SPSS STATISTICS 22.0 and IBM SPSS AMOS 18.0. Descriptive statistics were used for the participants' characteristics and measured variables. Cronbach's alpha was computed for the variables. The percentage response rates were 75.4%, 91.6%, 94.0% and 91.7% for Hospital Tuanku Ampuan Rahimah, Hospital Sungai Buloh, Hospital Serdang and Klinik Kesihatan Botanic respectively. The overall response rate for this study was 82.8% with 497 usable questionnaires. Structural Equation Modelling (SEM) technique was used to analyse the data. Confirmatory Factor Analysis (CFA) was employed to test the measurement model. The structural equation model was determined to examine the relationship between the exogenous and endogenous constructs. The model was evaluate using multiple criteria: v 2 test, Goodness-of-Fit Index (GFI) greater than 0.90, Comparative-Fit Index (CFI) greater than 0.90, Normed-Fit Index (NFI) greater 0.90, and Root Mean Square Error of Approximation (RMSEA) less than 0.08 [3] . Hypotheses regarding the structural relationships of the constructs in the final model were evaluated using the magnitude of path coefficients (standardized coefficient) and their significance. Prior to SEM, the data was checked for normality, outliers and multicollinearity.
Results
Participants
Overall, the sample comprised of 53.7% males and 46.3% females. The mean age was 55.5 (SD = 10.9) years and ranged from 25 to 85 years. The mean duration of diabetes was 9.97 (SD = 7.74) years ranging from 1 to 37 years. The mean Body Mass Index (BMI) was 28.56 (SD = 6.51) ranging from 24.84 to 72.62 kg/m 2 . The mean duration of oral medication intake was 9.25 years (SD = 7.75) to control their diabetes. In addition, the mean duration of insulin injection was 4.09 (SD = 4.53) years. From Table 1, 47.7% were Malays (n = 237), 34.8% were Indians/Punjabis (n = 173), and 17.5% (n = 87) were Chinese respectively. The majority of the respondents was married (83.9%) and attended secondary school (54.3%). For those who were working, the most frequently reported income was less than RM1000 (42.9%). Most participants were living with spouse and children (59.6%) or spouse (16.3%) and only 2.8% were living alone. About 78.1% had medical conditions and it consisted of arthritis (13.5%), heart disease (21.5%), hypertension (54.5%), and high cholesterol (34.2%), and lung problems (3.6%).
Structural equation model
A four-factor measurement model (Model 1a) firstly examined whether the endogenous and exogenous variables fitted the data well using CFA. In this particular model, the PAID (diabetes distress) was a second-order construct with three factors or components (social support, food and emotional problems). The SF-36 was a second-order construct measured by two components (PCS and MCS), the ADDQoL (diabetes-specific QoL) was a firstorder construct with 19 items and finally, the self-care construct was a second-order construct with five components, general diet, specific diet, blood glucose, exercise and foot care respectively. In this initial measurement model testing, the criteria for model fit indices were partially met, with a v 2 = 4024.5, v 2 /df = 2.641, GFI = 0.774, CFI = 0.848 and RMSEA = 0.058 (0.055, 0.060). Then, the post-hoc modifications were used to improve the fit based on modification indices. The errors e42 (SEX) and e43 (PER) on the ADDQoL construct and the other pair of error terms such as e32 (DRNK) and e33 (EAT); and e45 (FAM) and e44 (FREN) were allowed to be correlated. The re-specification was undertaken based on the theoretical justification. For the PAID construct, e15 (P7) and e14 (P8); and e20 (P1) and e19 (P2) were also allowed to correlate. After which, the measurement model (see Fig. 1 The structural equation model (SEM) evaluated the directional analytic relationships among the three endogenous variables and the two exogenous variables which were formerly hypothesized. Three pairs of error terms on the ADDQoL construct; and two pairs of error terms were allowed to be correlated in the structural model which was similar to the measurement model. The overall goodness-of-fit statistics revealed that the structural regression model fitted the data well: the v 2 statistic was 3375.9 based on 1576 df, which was statistically significant (p-value = 0.000). The v 2 /df ratio was 2.142, which was less than the recommended value of 5.0. The CFI (0.90), GFI (0.802) and TLI (0.885) showed satisfactory fit indices. The RMSEA was 0.048 (90% CI = 0.046, 0.050), which was desirably small indicating a well-fitted model. From the final model, medication adherence (MMAS) had a significant direct effect on diabetes distress (b = À0.20, p < 0.001). Results suggested that patients with higher levels of medication adherence had lower levels of diabetes-specific distress. The construct of self-care activities was significantly related to diabetes distress (b = À0.24, p = 0.001). Similarly, self-care activities were found to have a significant relationship with HRQoL (b = 0.11, p = 0.040). This result indicated that T2DM patients who had higher level of diabetes self-care activities reported higher health-related quality of life. Furthermore, diabetes distress had a significant effect on HRQoL (b = À0.11, p < 0.001) demonstrating that patients with higher level of diabetes-specific emotional distress has lower health-related quality of life on the SF-36 scale. Finally, as hypothesized, diabetes-specific QoL (ADDQoL) had a significant effect on HRQoL (b = 0.12, p < 0.001).
Discussion
The increase in the number of people with Type 2 Diabetes Mellitus (T2DM) contributes to human and economic burden as it causes other diseases such as cardiovascular disease, blindness, dementia or Alzheimer. Due to diabetes, many patients had to have their legs amputated [21, 29] . Medications for TDM can cause other serious problems (heart attack or death) [10] .
The results of this study confirmed that patients with higher levels of medication adherence had lower levels of diabetesspecific distress. This result was in accordance with prior studies suggesting that medication adherence plays an important role in predicting diabetes-specific distress [9, 27] . Thus, medicationfocused strategy among type 2 diabetes patients can be encouraged in clinical practice to help individuals cope better and reduce diabetes-specific distress. The results also showed that diabetesspecific distress was negatively associated with HRQoL which was consistent with the study by Morisky et al. [19] who reported that lower health related quality of life was associated with a higher level of emotional distress and this association showed a statistically moderate significant correlation. Wang et al. [39] reported that diabetes distress had a statistically indirect effect on impact HRQoL (b = À0.024) in their SEM model. Measurement of diabetes-specific distress in diabetes health care can help increase awareness and help healthcare professionals provide better treatment for the patients. Important therapies in the management of diabetes are an adjustment of diet, foot care, exercise and smoking quitting. Several studies have shown non-adherence to diet with a rate of 60-80% [37] . The non-adherence rate for foot care was around 20% in an Iranian study [1] . Exercise is another crucial part of diabetes management since it improves HbA 1c levels, help reduce weight and decrease the occurrence of further complications. The nonadherence rate for exercise was 25% in India [22] , 75% in Iran [1] and 67% in Hungary. However, daily activities are not considered as an exercise, though many patients report barriers to adhere to regular physical exercise. Thus, non-adhering T2DM patients might have a decrease level of HRQoL. In a German study [24] , patients participating in a diabetes management program for T2DM showed better HRQoL when adhering to proper self-care activities. Furthermore, non-adherence parameters had a significant effect on HRQoL. Saleh et al. [28] reported that non-adhering patients to diabetes self-care activities generally had a lower HRQoL with a mean EQ-5D index of 0.55. The findings of the present study were consistent with past studies. It was also hypothesized that patients reporting better present AWI scores on ADDQoL would have a better HRQoL [9, 34] . The Structural Equation Modeling (SEM) methodology used in this study provides a comprehensive framework on how to develop a statistical model among multiple QoL constructs in T2DM patients. This study provides a theoretical framework of the relationships between MMAS and SDSCA with PAID, ADDQoL and SF-36. Hence, this study had enhanced the understanding of QoL issues among T2DM patients in several ways. This was the first study in Malaysia that extensively investigated the relationships among a number of physiological, psychological, behavioral predictors and adaptive outcomes using psychometrically validated instruments via SEM, thus showing practical applications of the SEM approach. Literature on diabetes studies had demonstrated that various factors can individually influence HRQoL, diabetes self-care activities, medication adherence, diabetesdependent QoL and diabetes distress; however most of the previous models had not tested any integrated association between multiple variables. Therefore, findings from this study can be used as a potential starting point for examining multiple predictors and outcome variables in future diabetes QoL studies. This new evidence-based findings provides in-depth and important information to T2DM patients, doctors and relevant stakeholders in the healthcare management. The theoretical framework developed from this study can also be applied in a wide variety of other applications of SEM such as modeling the HRQoL of patients with hypertension using hypertension-specific and HRQoL instruments. 
Conclusions
This study developed a structural model linking diabetes distress, medication adherence, self-care activities, diabetes-specific QoL and HRQoL of patients with T2DM. The Structural Equation Modeling (SEM) results showed that medication adherence is an important determinant of diabetes-specific distress. Patients should be advised and encouraged to have high medication adherence so that they would endure less distress and experience a better quality of life. Diabetes self-care activities should also be emphasised as it lowers diabetes distress and increases overall quality of life. As expected, a better diabetes-specific quality of life leads to better Health-Related Quality of Life. This study applies to other different chronic diseases and can be replicated to assess factors that may affect the health outcomes of the patients. It is recommended for clinicians to take an active role in guiding their patients to better medication adherence and self-care activities. Effective interventions by health care providers are important to encourage and help T2DM patients improve their quality of life while living and coping with this debilitating disease.
